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Abstract 
In order to realize speed monitoring of high speed train, we built a kind of monitoring instrument of speed that 
adopted digital signal processor (DSP) TMS2407, net chip Rabbit3000 and corresponding signal modulation circuits. 
This monitoring instrument acquires the analog signals transmitted by wheel sensors. In DSP, cross correlation 
function is applied to process and operate the sensor signals. After operation, we can get the transit time t0, running 
speed of the train, axle number, axle distance and train model. These data result were displayed in the form of time-
history curve through Labview8.0 platform. Thus it can reflect the real-time speed change situation of train. The 
actual measurement results show that this system has such advantages us stable and reliable, low error rate, fast and 
convenient installation. And it can realize remote on-line monitoring of train speed. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
High speed train speed determines not only the high speed railway transport capacity and efficiency 
but also the technology system of high speed railway system. As developing so far, high speed railway 
has carried out a series of technical innovation and practice around the speed promotion. After more than 
40 years of development, high speed train speed has been promoted from 210km / h to 350km / h. In 2007, 
China implemented the sixth time speed promotion on existing lines. By the implementation of 
technological transformation, the maximum driving speed of harmonious number CRH series of high-
speed train has achieved 250km / h under the mixed running operation condition [1, 2].
The train speed promotion brought remarkable economic benefit and social benefit. At the same time 
the high-speed train brought inconvenience for railway maintenance. For example: trains must decelerate 
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when going through some bridges and construction pavement or bridge. Otherwise, these bridges easy 
to be damaged or cause personal injury. Therefore it is necessary to develop a kind of train speed 
monitoring system to install in key railroad position to realize the real-time monitoring of speed change of 
running train. It should discriminate train models, display time-history curve of speed and can be inquiry 
in database. Thus we can statistics and analyze the rules of speed - structure state change. 
2. Principle and method of speed measurement system 
Running speed of train is achieved by the interactions between wheel sensors and train wheel. The 
core part of wheel sensor is a magnet that filled with strong magnetic field and covered with high strength 
enameled wire coil. And it is encapsulated in a aluminum steel cover using epoxy resin. Wheel sensors 
were mounted on the inner side of the steel rail. When passing across the wheel sensors, the train wheel 
interacts with the sensors and cut magnetic force lines of the sensors. So, the magnetic flux changes and 
the sensor’s output voltage is just the induction electromotive force generated by the interaction between 
the wheel and the sensor. Train running much faster will generate much higher the induction 
electromotive force. The relative position of two wheel sensors is shown in Figure 1. S1 and S2 
respectively represents one of the two wheel sensors. S is the distance between the two sensors. P 
represents the running direction of the train[3~5].
The principle applying cross-correlation function principle to measure the train speed is shown in 
Figure 2. The flow noise signals generated from the interaction between the train wheel and the sensors is 
shown as figure 3. S1 (t) and S2 (t) represent the two signals. 
If the properties of S1 and S2 are identical and the both sensors are close enough, we can regard the 
signal waveforms of S1 (t) and S2 (t) are exactly the same except there is a delay time t0 between them. 
The time t0 known as the" transit time” is the time difference when the same train wheel runs across the 
first sensor S1 and the second sensor S2. We can acquire the train speed through calculate the transit time 
t0: 
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The transit time t0 can be obtained by calculating the cross-correlation function between S1 (t) and S2 
(t). According the definition, the cross-correlation function between S1 (t) and S2 (t) is:  
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According to the properties of related function, we know that cross-correlation function R will achieve 
its maximum value when parameterτ is equal to the transit time t0. As long as we find the maximum 
point of R(τ) in the delay domain, we can get: 
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The above is generally replaced by finite time integral. Then: 
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If the selected sampling period is δin  digital processing, then the signals of the two sensors can be 
expressed as discrete S1(nδ) and S2(nδ) and n is integer. The cross-correlation function of them is 
expressed as:        
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If we calculate the point m =m0 that makes the R achieve its maximum value, we can get the transit 
time t0 = m0δ. So, we can obtain the train speed according to formula (1). And the train axle number is 
just the pulse number generated by train wheel running across one of the two sensors. If the time 
difference between arbitrary adjacent two wheels running across the same wheel sensor is t1, then the 
wheelbase L can be expressed as: 
L=V*t1                                                                                                         (7) 
Because the wheelbase of different train models are different, train models can be identified according 
to the different wheelbase information. 
3.  Realization of train speed measuring system 
3.1.  hardware circuit of monitoring instrument 
Monitoring instrument of train speed is used to acquire, modulate and converse the analog signals 
generated by the interaction between train wheels and sensors. After correlation algorithm process, the 
digital data will be stored in memory card and transmitted through networks. It mainly include such parts 
as signal conditioning circuit, data acquisition and processing circuits,  A/D conversion circuits, data 
storage circuits and network transmission circuits. Its structure principle is shown as figure 3. 
Filtering and amplifying circuit will eliminate the interference noise that superimposed on the real 
signal and amplify the weak pulse signal. After amplified, the two sensor signals will uniformly change to 
Fig 3 structure principle 
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CMOS level signals which match the input voltage requirements of DSP TMS2407 and A/D conversion 
chip. DSP processes the digital signal acquired by the ADC using cross-correlation function calculation. 
Finally, the data of transit time t0, train speed V, wheelbase L as well as axel numbers of train can be got. 
All these data are stored in the memory card of the monitor instrument in order to facilitate the data 
export on-site. Due to its storage capacity limit, the monitor instrument can only save about 1000 train 
data information. The data that later stored will automatically overwrite the previous data. The processed 
data of train speed will be real-time transmitted to the network chip Rabbit3000. then all these data are 
transmitted to remote monitor center through fiber Ethernet. The server of remote monitoring center 
displays the speed information in time-history curve. This makes it convenient for management personnel 
to observe the change trend of speed when the train running through some critical regions. 
3.2.  monitoring software of the system 
The server software of this system is programmed under graph software developing platform 
Labview8.0. Labview is a graphical programming environment used by millions of engineers and 
scientists to develop sophisticated measurement, test, and control systems using intuitive graphical 
icons and wires that resemble a flowchart. It offers unrivaled integration with thousands of hardware 
devices and provides hundreds of built-in libraries for advanced analysis and data visualization – all 
for creating virtual instrumentation. The Labview platform is scalable across multiple targets and OS, 
and, since its introduction in 1986, it has become an industry leader.
The data that is transmitted by data acquisition board through Ethernet can be real-time displayed 
and preprocessed. The database management software of the system can carryout such functions as 
store, query, analyze and process characteristic data. According to different scene situation we can 
set different speed alarm limit in this software. If the train speed exceeds the set limit, the monitoring 
software can alarm to the management person immediately. This makes it facilitate for the 
management department to manage the field scientifically 
4.  Analysis of actual measurement results 
For purposes of comparison analysis, a fixed Doppler radar velocimeter and the speed monitoring 
system were selected to measure the same train running through the Wuhan Yangtze River Bridge at 
the same time. The results showed that the speed measured by radar velocimeter and by monitoring 
system were respectivel 104.36km/h and103.82km/h. the error between them was less than 0.6%. 
But the radar instrument only displayed the digital value of transient speed which could not directly 
reflect the change trend of speed train and could not detect the train axle number and wheelbase data. 
Figure 4   display curve of speed information 
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The identification of train model was depended on human judgment. Furthermore, the measurement 
requires special person on duty. In comparison, the train speed monitoring system automatically 
acquired the speed and calculated the wheelbase, axel numbers and identified the train model when 
the train running through the Wuhan Yangtze River Bridge. All these data information were real-
time automatically displayed on the server screen in monitoring center. Train speed was displayed in 
time-history curve form and the wheelbase was displayed in histogram. The time of train arrival at 
and departure the testing zone were automatically recorded and at the same time displayed the train 
model. Due to adoption of the graphic display, the train speed data was intuitively clear. Furthermore 
the operation of this system needn’t special person on duty. The database of this system can store 
massive data. Because of the popularization and application of Ethernet network, the setting of 
monitoring center is not limited by distance. All this greatly facilitate the management of monitoring 
the train running state. As shown in figure 4 is the speed information when one Passenger train 
passing through The Wuhan Yangtze River Bridge. From this figure we can see time-history curve 
of train speed, the histogram of wheelbase, the train model and the time arriving at the test zone and 
other useful information. 
5.  Conclusions 
Theoretical and experimental results show that the speed measuring system of high speed train based 
on Ethernet has such advantages us high automation degree, low error rate and does not need special 
person on duty. It can real-time display the running speed curve of the train and the alarm limit can be set 
freely according to the actual situation. The measure scope of this system is 5-350km/h. At present, this 
system has been applied successfully in the long-term health monitoring of Wuhan Yangtze River bridge, 
Wuhu Yangtze River bridge and Zhengzhou Yangtze River bridge and achieve good effects.  
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